ABSTRACT: Leptospirosis is a public health problem worldwide and its etiology remains unclear. Its pathogenesis involves a complex interaction between host and infecting microorganism. The inflammatory reaction that controls the infection process also underscores many pathophysiological events occurring in leptospirosis. We investigated the presence of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in renal tissues by immunohistochemical and histopathological examination in animals experimentally inoculated with Leptospira serovar Canicola. All the tests were carried out 2, 7, 14, 21 or 28 days after inoculation. Although TNF-α and IL-6 had been detected in tissues throughout the observation period, these cytokines appeared more intensely during the initial phase of infection. Therefore, both TNF-α and IL-6 were associated with the immunopathogenesis of leptospirosis. This profile suggests a high immunocellular response throughout the early infection stages followed by subsequent humoral response.
INTRODUCTION
Leptospirosis is a zoonotic infection caused by spirochetes of the genus Leptospira, which are common in the tropics and in developing countries (1) . Rodents, particularly rats, are the most frequent worldwide disseminators of this disease.
Leptospira can enter the human body through skin wounds, including very small scratches, as well as through intact mucous membranes of the mouth, nose and eyes (7) . Immune response to leptospirosis is mainly humorally mediated and involves opsonization of leptospires by macrophages and neutrophils (10) . TNF-α has been detected in the peripheral blood of patients with leptospirosis (5). Tajiki and Salomão (15) found that TNF-α was associated with both disease severity and mortality in leptospirotic patients. Marinho et al. (8) studied the role of cytokines, nitric oxide (NO) and hydrogen peroxide (H 2 O 2 ) in the immunopathology of leptospirosis in genetically selected Balb/c mice, measured by high or low antibody production. An endotoxin-like substance is present in the cell walls of leptospires, which could induce cytokine synthesis and contribute to their pathogenicity, as well as to hemodynamic disturbance (15, 17) . The present study aimed to detect TNF-α and IL-6 production in renal tissues by immunohistochemical staining and evaluate whether these cytokines would be associated with the immunopathogenesis of leptospirosis. Mice from each group were sacrificed on days 2, 7, 14, 21 and 28 post-inoculation (PI). After sedation with Thiopentax® (Cristália, Brazil), 30 to 100 mg/kg body weight, the thoracic cavity was opened and the left ventricle was punctured. Phosphatebuffered saline (PBS) solution (at 4°C) was then slowly injected until organs were clearly pale. Immediately thereafter, the kidneys were removed and rapidly sectioned transversely, placed in cryoprotective solution, frozen in liquid nitrogen and then stored at -80°C until required for final processing in a freezing microtome. Viscera from healthy and infected mice were fixed in 10% neutral-buffered formalin and embedded in paraffin. Serial 5-µm-thick sections were cut and stained with hematoxylin and eosin (HE).
Tissue was sliced (6 to 10 mm) at the cryostat temperature of around -18 to -20°C.
Sections were air dried at room temperature for at least 30 minutes, and then immersion-fixed in acetone for 1 to 2 minutes at room temperature. Subsequently, lesions were similar to those described above; however, these degenerative areas were distributed throughout renal parenchyma and were more intense in the medullar area. Interstitial nephritis is the basic lesion of leptospirosis and is observed even in patients without clinical renal manifestations. Nevertheless, 21 days after inoculation, lesion patterns in mice kidneys involved proliferative glomerulonephritis without significant interstitial inflammation.
TNF-α was detected from the initial phase of infection until the 14 th day postinoculation. However, IL-6 was present until day 28 in the present study. Glomerularpositive staining for IL-6 (A) and TNF-α (C) in kidney sections of mice inoculated with Leptospira interrogans is shown in Figure 1 . We noticed the strongest positive staining for both cytokines on day 7 post-inoculation compared with other observation days. However, on the 7 th day, the tubular epithelial cells and intersticial tissue showed a faint positive staining for IL-6 and TNF-α. After LPS injection, TNF-α is produced in blood, reaches a peak within 60 to 90 minutes after inoculation and disappears in subsequent hours (13) . In another study, Marinho et al. (9) found that TNF-α was detected during the first days of infection (from 7 th to 21 st ). TNF-α could be detected in the first 6 hours of incubation, and its levels gradually decreased in the following 24 to 72 hours. On the contrary, IL-10 was detectable at low levels 6 hours after infection and progressively increased in the In the present study, TNF-α production was demonstrated by immunohistochemistry from the 4 th to the 14 th day of infection. Although this process is not directly related to the host protection, these facts can be better understood from ascertaining the profile of leptospirosis infection, which is characterized as a biphasic illness: the first phase, septicemic or leptospiremic, usually lasts 4 to 7 days; and the second is an immune stage characterized by the appearance of circulating immunoglobulin M antibodies (6) . The presence of a toxin, or a toxic factor, in leptospirosis has been suspected for decades, but has never been confirmed. mechanism involving these cells could be the removal of residues that remained bound to the glomerular capillary wall during filtration. IL-6 is secreted from intestinal macrophages (12) and is the main cytokine involved in the induction of acute-phase response (3). These cytokines are proteins that allow hepatic cells to communicate with other cells and tissues. Cytokine production is stimulated by cell differentiation, receptor expression and cell-mediated immunity (19) . We concluded that during leptospirosis there is a high cellular immune response in the initial phase of the disease followed by subsequent humoral response. The innovative findings from this study indicate that cytokine production, such as TNF-α and IL-6, should be associated with the immunopathogenesis of leptospirosis.
